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1 Recently, Pen- and Wilson at tbe 3eU. Telephone Iaborstories 

meaaured what appears to be extraterrestrial microwave radiation at 

~ c / e  at an intensity corresponding to a ''brightaess tenrpersture", 

or ewivalent temperature of black body radiation, of 3.5' - + LOOK, 
2 M a e ,  Peebles, Roll and Wilbinson ham interpreted t h i s  radiation as 

the expansion red shifted remnant of black body emission from a very 

early stage of the universe corresponding to an aptlcally thick gas of 

electrons, positmm, photons, arid nucleons at 10 

eqpm6ion of the universe the radiation n?taizm its black body shsrscter 

while being sdiarbaticslly "cooled" to its present value, supposed to be 

3.5 OK. The energy density of black body mdiatlon at this telnpemture 

i e  e 

Ibe number density of these p'nO%ons in *& -&=me io +a very large: 

n 

been ahmm 

Vith relativistic dectrone associated dth e0ml.C radio 6ynChrOtn3lI 

I'sdiation. 

0 mringthe 10 OK 

3 1 ev/m , while the mean photan energy is < E > 10-3 evB 

103 ph0tom/em3. me presenee oi these cosndc photons b a ~  &ready 

3 to bsve powible obsemble effect8 due to colqpton co3lisf(ms 

!be purpose of the pRsent paper is  to point out another effect of 

the presence of these phot~ns. "his is the effect of absorptlm of hi& 

energy photons trsversiag cosmic distances dde to electron-positron pair 

production in photon-photon colllsiona. 

of the effect related to exprimeats on high energy coemic photons; fin 
details will be given elsewbere. 

it is j u s t  the mverse of diPect e+ - e- two photon amihiht ion.  me 

pair production process has a "Vhreshold, since 3x1 the ct3n-r of m a ~ 8  system 

of tibe iphotum thl? total photon rmergy mst be greater than ale d)* In 

Here we give the easen%&al results 

4 
The basic pmcees involved ia well known : 



- .  fact the cmas section for the process-ie a "&mum near threshold come- 

sponding to eE S",2 , where t and E are respectively the low and high 

energy photon energies i n  che lab systeme mas,  for t - log3 eV, ve 8ee 

that the proeesa idimponsnt for energies E ;C 3 x 10'4 e V  of the high 

energy photons. 

cT - r * - 1 0 ~ ~ 5 ~  (ro is the c l a m i d  electron radius), the mean ~ r p e  path 

for the energy photons is A - (n a>"' 102~ cm, m a y  tbe siet of 

the 

pK)St 

4 Moreover, since the cross eectioe for the process is 

0 

l h i s  is very ai@ficaat ,  since during the past few p%ara a r e  

have been wmt sttempt8596 to detect ultrahigh emergy primary 0Oami.c paotone 
18 of errergy 210 eV. b these eqp?iments  the procedure is to look for 

extensive sir showers (w) eon- an abnonadly l o w  n m r  of mons, 

which would indicate tbat the shovere were Initiated by tu1 eleetro-tic 

rather thun a nuclear pmcese. In fbct both tbe Polish groupb operating at 

5 le-1 end the AmeriCaEB-B~UviSn-dapsno~e -UP  ti^ at high dti- 

tude (5200 m) on m. cba;caltsya 18 Bolivia have indeed reported tlae occumnbc 

of mUOPIpOOr or xuon-less ahowem at a freauerrcy about log3 of the number of 

ordinary ~ h m m r s  at p r i m  part ie  enerpries of 10" ev. ~n sdditian, eig- 

nificsatly, the arrival directions of the l o w  muon showers show no &sot- 

ropy, indicating that the (ssaLuned) photons 8re of extnsefclrlsctie origin. 

Attenuation of cosmic photons by the y + yy 3 e + e process wa8 

first eonsidered by Niidshov for absorption by (- eV) optisal stellar 

pho"xn8; he shoved that the effect can be appreciable for high enem photoas 

of energy - 10 eV. Ni'kishov'r formulation can be made more general to 

give the absorption probability from interaction with an (undiluted) black 

body photon gas at any teqeratulp TO One um esei3.y ahow (details gitren 

+ - 
7 

32 

eb8ewhel.e) that tbe aboorgtion probability per unit photon path length for 
r 



- .  0. 

photone of energy E is [ A  = c = 1) 

/2) 

f3) 

-1 where d1 = 137, A (= m ) is the electron Compton wavelength, v P m2/E%T, 

sad 

and energies of the lav energy black body photon spectrum. 

totic forms 

f( v) is a f action computed essentially f r o m  an integration over m g ~ e s  

It bas the asymp- 

and has a meJdllll~m value - 1 at v H I  I Me give the absorption grnbabflitj 

as a ~ c t i o n  of energy for T = 3.5 OK i.n w0 1. It is san thst a 
absorption probability dTsbs / dx fs greate~ tban the mdpr0Ca of tht 

"Eubble rcdiue" RH ( -1028 cm) or "mdiu~ of the Universe" for 

C E < lt?* eV. For photons in th is  energy m e  the sbeorption optical 

depth to the edge of tbe Universe would be gmter than unity, That is, we 

@ouM "see" only out to a dista~ce d - (dT&, / &)"l la the U n i v e m e .  We 

see from ng. 1 tbat for E - lofi - lo1? ev d is only 8 b U t  10~3 mo  his 

haa em importent consequence for the elqpriments on muon-poor EA8. If as it 

~ c e m 8 ,  tbe (suppoaeti) -10 eV photons are of extragalactic origin, they 

m m t  be coming f r o m  sources at distances < 

recently zhe expeFTmental group on M L  C h a d t a y a  have been eccuraulcrting 

14 

9 1s8 cm. Hovever, 
8 



detected so fsr, some have been found to be muon-pr. O f  course, more 

sbmers x d d  bave to be observed for t h  statistics to be significant. Our 

predictioa3 is thst no mon-pr showers comspaadiag to primuy energies of 

photon absorption pmbsbility is Id@ for these energieso In fcrct, if there 
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Fig, 1 Apsorptiar probability per unit path length as s function of 

energy for Ugh energy photons traversing a black body phew 

gas at 3.5 OK by meax18 of tbe process y + y' -. e + e . 
!Jbe absorption pmbsbllity for interaction w i t h  a black body 

photon gas at otber temperatures m y  be computed w i t h  the help 

of t h i s  curve ami eq. (I). 
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